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FURTHER STUDIES OF LIQUID ASPHALTIC 
ROAD MATERIALS 

BY THE DIVISION OF TESTS, U.S. BUREAU OF PUBLIC ROADS 

Reported by R. H. LEWIS Associate Chemist, and W. O’B. HILLMAN, Assistant Highway Engineer 

N A REPORT recently published by the Bureau of 
Public Roads on A Study of Some Liquid Asphaltic 
Materials of the Slow-Curing Type,'it was shown that 

the action of sunlight, heat, and air on these materials 
when exposed in relatively thin films produced residues 
with physical and chemical characteristics differing 
greatly from those of the residues developed in the usual 
laboratory heat tests. It was also shown that when these 
materials were mixed with a standard sand, molded into 
cylinders by the Hubbard-Field method, and subjected 
to the same exposure conditions as the thin films, they 
developed stability, or bonding strength that could not 
be attributed entirely to the loss of volatile matter. 

MATERIALS STUDIED TYPICAL OF ALL CLASSES OF LIQUID ASPHAL- 

TIC MATERIALS FROM PRINCIPAL PRODUCING AREAS 

The materials used in the earlier investigation were 
slow-curing liquid asphalts. They were the products of 
10 refineries located in the far and middle West. In fur- 
ther studies conducted in 1933, that are the subject of 
this report, 32 materials typical of the slow-, medium-, 
and rapid-curing types of liquid asphaltic materials were 
used. ‘These samples are identified in table 1 and were 
the products of 25 refineries located in all sections of the 
country and probably were made from petroleums of 
widely different bases and by various refining processes. 

TasBLE 1.—Products tested 

Labo- 
Ree ratory a Pro- |Refin-, Location of Bentrke 
cation ones eaaterial ducer! ery refinery 

er 

| 36626 SC-2 1 il Okjahoma-_- => 2 
a 34354 SC-2 2 2a Wiissourieee os” | 
(a 35130 SC-2 2 SE ellinoiseeee ens | 
aaa 35481 | SC-3 3 donee domes ts | 
a 36425 SC-3 3 6 | Wyoming-_.___- 
i 36045 SC-3 4 Gah AT Kansase= =" 2 | 
ae 36945 | 1 SC-2 ial) age Me do ee eae 
eee sa 36598 SC-2 6 8 | Oklahoma_---__- 
ae 35195 | 1 SC-2 7 9 |. West Virginia___| 
a 35334 | 1 SC-2 8 10 | Rhode Island__-} 
Ls 35200 | 2 SC-1 9; TT We Louisiana.— == = | 
i 35396 | 1SC-2 Q De bat Sea 0 ssa ee | 
eee cP 36026 SC-3 9 tS ee COE 2 at 
ih 35351 SC-2 2 I2al\eindianas ee. » 
i. 35180 SC-2 2 13 | Wyoming____-__- 
i > 35181 SC-2 2 LS jie Se doe 

kaye) lo IbaVe bts way: eee Oe Se | Included in 1932 ex- 
posure 

U6s uinoiss===-e=e=- do 
tee (6 Vo ees Ses FS do. 
18 | California_-__-_- do. 
1 hha ee eas eel ne oe Steam-reduced Cali- 
LOWE roe O- a fornia residual oil. 

1 Furol viscosity was below specification limit. 
2 Furol viscosity was above specification limit. ; 
’ Penetration of distillation residue was below specification limit. 

1R. H. Lewis and W. O’B. Hillman, Pustic Roaps, June 1934, vol. 15, no. 4. 

2297—35——1 

As shown in table 1, 23 of the materials were of the 
slow-curing type, of which 4 samples were tested in 
1932 and were included in this study for comparative 
purposes. Four were of the medium-curing type and 
five were rapid-curing products. They met the pro- 
visional specifications, as given in table 2, of the Bureau 
of Public Roads and the Asphalt Institute, except as 
noted in table 1. Samples 21 and 22 were the only 
slow-curing products for which there was any definite 
information as to origin or method of manufacture. 
Both of these materials were steam-reduced California 
residuals without subsequent blending. All of the 
rapid-curing products were prepared from 85-100 pene- 
tration asphalt and solvent naphtha. The composition 
of sample 27 was unknown but the other medium-curing 
products, samples 30, 31, and 32, were, respectively, 
110-120 penetration asphalt, 94+ asphaltic road oil, 
and 100-120 penetration asphalt fluxed with a heavy 
gerade of kerosene. These three medium-curing mate- 
rials, although subjected to all of the laboratory tests, 
were exposed only under special conditions that are 
described later in this report. 

TABLE 2.—Spectfication requirements for grades of liquid asphaltic 
road materials investigated 

SC-1 | SC-2 | SC-3 | MC-1) MC-2 | RC-2 
| 

HaSh POLitGa hose ene ee eee 150-- | 2004+) 200-F jz---..- 150+ 80+ 
Furol viscosity at 77° F., seconds___}20-150 }|____.-__}_-__-__- 20—LD0} sao so eee 
Furol viscosity at 122° F., seconds__|------- QOQ=S 20N eee Seem eee. eee 200-400 
Hurol viscosity au402 T., seconds. s|2e--2es|-0 = = 150-800 |-.-=-.- 150-250! |u__---- 
Total distillate to 437° F., percent 
by volumes 2 2. ee ee ee eee 2 2— 10— 2— 10+ 

Total distillate to 600° F., percent 
DyevOlUmM esse es ee ee eee ij 10— | 25+) 10-20 20+ 

Total distillate to 680° F., percent 
DY,VOLUING © 225). Fe che ee ae ee 50— 25— 20— 50— 2i— 386— 

Tests on distillation residue: 
Float at 122° F., seconds_.__---- 50— 25+ Ud RS ae | ag gly [me 
Peneratlonvay 77. eB ee ee ee oe eee ee 70-300 |100-300 | 60-120 
Ductilityaat 71>) Be, COM blmMetens ees ee ee re ee ee 60+ 60+ 60+ 
Soluble in CS, percent_-------- 99..05= | 99.0-- | 99.0-- 199.5-- || 99.6-- || 99. 5-- 

The test procedure followed that of the 1932 study 
except that the fixed-carbon test was omitted as the 
changes in inherent characteristics that occurred under 
laboratory and exposure conditions appeared to be more 
strikingly illustrated by the test for solubility in 86° B. 
naphtha. Two new tests were added. The Oliensis 
test? for heterogeneity was made on the original 
materials and on all of the residues, except those from 
the 50-gram oven-loss test and the 10-week exposure 
test, and the original materials were examined micro- 
scopically. The results of the tests on the original 
materials are given in table 3 and a detailed analysis 
of the residues obtained in the routine laboratory tests 
is given in table 4. 

2 A qualitative test for determining the degree of heterogeneity of asphalts. G. L 
Oliensis, Proc. A. S. T. M., vol. 33, pp. 715-728. 

ih 
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TABLE 3.—Results of tests on original materials 

SS) = Distillation Loss at 325° F., 5 hours 
wm 

Furol | O e alee Re Asphaltio 
viscosity | 8 | -- a = pare b> |S 3 residue 

: a Ko {| sept Distillateby |@ | 4 Tests on - | 
om 3 3 oI a volume 4 a a distillate | 2 60-gram sample | 20-gram sample 

a] & 2/2] 8 | = | Micro-| aa E| a |os 
S| %| | =| scopic’). 3 gas ee Ae a || ee ay oe 2 ler dale 
ules a) |. | & | smear |’ 2, lw) din be aie eye 2 |e @ (en) \eoniae 
S/ 3 fz 213 |)28 | | test | a» Coe ee SR haa ae 5B S03 6 ./e2 3] 3 |B 
a| =e ee Mh get lsh tes is £o\2/2 1b -| £ |) 2) a Se\agho “ej ldeol oe | & 
o| Ss |/gik& p SBS EA | AEE hc = : ‘ Cc A ESI) Stal) wen 1 Sea Se) 2 1lo: Boalomems Br Oma pine’ 
ot? Ehaitced of ken Sect were eta VE | aoe, bees Silgilmelmeilm&il2 |S! 21h) & | Blase HQ, |S 210 Ke [seo] E |S 
i eal = es 2 Ep [estas ees Sole Mow eee Veale bt Alen Stas Oma Leto SAIS? 5 SS/2* 51 S| a 
aia S & S aq A 3 s ee ee |) Pes all eS tise tee So} a |4 I rey eS Soles »p” |So S 5 

Fi si|@|/ei/2/4/8| 8) 3] S(S/2/S18i8 |2\2)18 | 8 | 818") Ble 88 818 jessie ie 
=| & a © » » = u a a= I eile] we] » lea ° S Q g = oO Ces orl) Oat ovr A is} 

alalel|/el|4}/4}/90;/0/48/0 Alala/4/4/A |All & la Baia, a ime | |e le aAl< 

° F.| Sec. | Sec. | Sec. |Pct.| Pct. | Pct. .|Pct.| Pct.) Pct.) Pct. Sec. Pet. | Sec. Pet.| Sec. Min.|\ Pet. 
1 0.965} 430} 100) 294] 146|----| 0.22) 6.3) H | Clear-_- eae es eee (OS E258 (eee eee O25)\0 24|ee2eon 0.8) S27|/Seeeo= 280/71. 9 
2 \1.056| 300 52) 303] 139/0.19) 1.11] 26.1} H 6 8.0) 6.4] 4.6} 11. 0/0, 911]1. 5146 3 ble Shleeecce 6.6 By |e se 40/74. 7 

3 |1.056| 330} 50] 274) 123) .11| .46) 21.8) H 3.0] 2.4] 4.4] 6.8] . 9261. 5246 JG 30 | see 4 6\) 238/22 = 4771.7 

4 |1. 043) 340 63| 404) 174| .18] .47] 16.5) H Oats 7|"4..Opembs dices 1. 5120 256\' 39 ieeaee 4.5 ot eo 60/74. 7 

5 | .998) 275 SOlE SSLiP 160 |cees| oe LO else aimee 10. 0} 8.6} 5.0) 13.6) , 886{1. 4930 5 eG | eee 8.6 ‘57 |Eaeeee 80/70. 6 

Gui} 974| 340 21| 335) 170|.-=--| .09] 9.4) O SAO 2549) ec | eee 1. 4794 3. OW Seen 4.9 20) 222-5 236/62, 4 

7 | .960) 255 Ol TST 04 Sasa ele LOGS Els eee mee 20. 5|18. 3| 5.1| 23.4] , 868/1. 4809 CRS gai kel 14.3 34) tae 140'64.8 

8 | .957| 355 CON 277146 \s222)) OOO Tie Onnmendo me 2.0) 1.6) 4.8] 6.4/2 2-_ 1, 4748 pl UM 6y ep 3.3 Zieeeewe 275|65. 3 

9 |1. 032) 250 33) 175 87 538) 2.09) el .00 | eon ee eee 7.0] 5.6] 5.3] 10.9] , 864/1. 4858 4141529] cosas 6.9 45) es 48/69. 0 

10 | . 963} 160 TEAST LO Saea|) eeLOEIS59 Oo) Clear... 19. 5116.9] 5.4} 22.3) .837|1. 4615 Loe Nie AD eee 16.6 (4 See 70/65. 9 

11 |1,010| 245 4 50 SRS SAN] FOO IEE ik ee. 22. 0/20. 5| 4.5} 25.0} . 956/1. 5445 Smee! Ol eee 15. 2 202. See 93/53. 2 

12 | .963} 265 13, 182) 100 esate OO TON s OM eedoneas 13. 5|12. 2| 5.7| 17.9] . 866/1. 4770 G@)) TI TOWRA, 4a 121/61. 8 

13 {1.010} 320 BU lV GALE AO bey SBE salon, 5.5] 4.8] 4.5} 9.3) .958/1. 5460 Sed OO | eee en 6. 2 Bi) aes 110|66. 8 
14 11.060) 850) 49) 278) 124) .09) <09) 17.6) Ei |o22 222 TOO eae Zl On eee. 1, 5268 OFA 3 Ian eee 4230 eee 60/69. 5 

15 | .979| 285] 21] 219] 117|----] .08] 11.6] O | Clear___|580 |__--|__--] .5]12.0)10, 2) 5.2} 15.4) .871/1. 4785 5: Oly 24| see 86) ss0 mene 113/61. 7 

16 | .970| 360 881 (217 15 | Seen| eel Os GUS Ean ome 670m | een eee een TS OTSO ees ae One| ame 1, 4755 iD | iA, 3.5 24). aces 176/62. 0 
17 |1.013| 255 DON) 2O5i, S110) sale eoeaL tel Gar) eee eee 536 |____|__-_] 7. 0/20. 0/16. 3] 4.3} 20.6) . 8531/1. 4714 SUS ie t42 aoe eee 14,2) 112 Seeee 34/71. 9 
18 | .955} 200 9| 199] 106/_---| .11] 4.6] SH | Clear_../482 |__-_|__--|13. 5/19. 3/16. 5) 1.2] 17.7) .821|1. 4529 GO eaeess AKORY Al Pxa\ ye 15.6 66|Ss25=— 420)75.1 
19 |1. 082} 300 rs) BPI) GY A\ As)| PRIS Hayeed) USE |e 599 |____|__--|__-_| 8.3] 7.01 2.9] 9.9] .937/1. 5364 AWE xe ae 459) -A8|Eees== 7.9 7.0 | eee 30/75. 9 
20 | .960} 275 46] 300] 149|..--| .08] 7.5| SH | Clear__.|576 |____|__-_]_.--|10.8] 9.4] 4.5] 18.9} .849]1, 4665 50 | ares GEO 34 Sree 8.3 Z| eeeees 103/68. 9 
21 | .972| 295 93 293i ST eee ae, 06 ebs4| Om Smeg 580) ) | eeee Mae eee OOS eb GO lela1c me soOle4soo Ae ees Dende 20 | eee 10.7 6) eee 83/62. 6 
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1H = Heterogeneous; O=Homogeneous; SH= Slightly heterogeneous. 

DISTILLATION CURVES CLEARLY DISTINGUISH SLOW-, MEDIUM.-, 
AND RAPID-CURING MATERIALS 

The distillation curves for the various materials, 
plotted in figure 1, serve to distinguish the three classes 

That portion of the total loss in the distillation test 
designated as loss on cooling depends upon the amount of 
material boiling offimmediately above 680° F. Aswould 
be expected from the slope of the distillation curves, this 

of materials according to their curing properties. It | loss was greater for the slow-curing products than for 
will be noted that the initial boiling points of the slow- 
curing products, samples 1 to 23, inclusive, were all 
above 450° F. and in only two instances were they less 
than 500° F. The medium-curing materials, samples 
27, 30, 31, and 32, had initial boiling points as low as 
360° F. with none above 450° F.; and the rapid-curing 
products, samples 24, 25, 26, 28, and 29, all had initial 
boiling points below 370° F. 

With all three classes of materials, the percentage of 
distillate increased as the temperature increased but 
not at the same rate. For the slow-curing materials 
the rate continued fairly uniform up to 680° F., but’ 
with the medium- and rapid-curing products it de- 
creased as the temperature approached 680° F. The 
decrease in rate was more pronounced for the rapid- 
curing products. The rate of distillation may be 
illustrated by expressing the amount of distillate off at 
any temperature in terms of the total distillate 
recovered at 680° F. For the medium-curing materials 
the amount at 600° F. was 65 to 85 percent of the total. 
For rapid-curing materials the amount was 0 to 50 
percent at 374°F., 41 to 85 percent at 437° F., and 88 
to 94 percent at 600° F. The residues from the dis- 
tillation of the slow-curing products were all fluid, while 
those of the medium- and rapid-curing materials were 
semisolid. 

the medium- and rapid-curing products. It ranged 
from 1.2 percent to 5.8 percent with an average of 4.5 
percent for the slow-curing products, from 2.9 percent 
to 4.2 percent with an average of 3.4 percent for the 
medium-curing products, and from 1.5 percent to 3.1 
percent with an average of 2.2 percent for the rapid- 
curing products. 

The total volatile matter in the slow-curing materials 
as determined by the distillation test, including both 
the distillate recovered and the loss on cooling, ranged 
from 2.8 percent to 25 percent with an average of 13.8 
percent for the group. The average loss on cooling of 
4.5 percent actually represented 36 percent of the total 
volatile matter in the average slow-curing material used 
in this study. While this loss on cooling may be 
unimportant in estimating the relative volatility of 
various liquid asphalts, it must be considered if the 
results of the distillation test are to be compared 
directly with the results of other laboratory and 
exposure tests. 

The different classes of materials are also readily 
identified by the results of the volatilization and 
asphaltic-residue tests. The slow-curing products lost 
in the 50-gram volatilization test from 53 to 76 per- 
cent, the medium-curing products from 73 to 80 per- 
cent, and the rapid-curing products from 92 to 97 

+ 
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TABLE 4.—Results of test 
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percent as much as they lost in the 20-gram volatiliza- 
tion test. The residues from both volatilization tests 
of the slow-curing products were fluid; those of the 
medium-curing products were fluid in the 50-gram 
volatilization test and semisolid in the 20-gram vola- 
tilization test; and those of the rapid-curing products 
were both semisolid. For the slow-curing products, 
the loss in neither volatilization test amounted to as 
much as that in the asphaltic residue test. For the 
medium-curing products, the loss in the 20-gram 
volatilization test approximated the loss in the as- 
phaltic-residue test, while for the rapid-curing products 
the losses in all tests, including the distillation test, 
were approximately the same. The loss in the 20-gram 
volatilization test, while always greater than that in 
the 50-gram volatilization test, was always less than 
in the distillation test. The residue from the 20-gram 
volatilization test may, however, be harder or softer 
than the residue from distillation. 

The slow-curing products were reduced to a residue 
of 100 penetration in from 30 to 420 minutes, with an 
average of 126 minutes. In producing residues of the 
same consistency medium-curing products took from 
16 to 30 minutes, with an average of 23 minutes and 
the rapid-curing products took from 11 to 15 minutes, 
with an average of 13 minutes. When making the as- 
phaltic-residue test on the rapid-curing products, diffi- 
culty was experienced in obtaining a residue that was 

not too hard, since the high volatility of the solvent 
caused the cut-back materials to be reduced to 100 
penetration before the temperature for making the test 
was reached. 

MAJORITY OF MATERIALS SHOWED A CLEAR FIELD ON MICRO- 

SCOPIC EXAMINATION 

The microscopic test, adopted by one State highway 
department for the detection of cracking-coil products, 
was made on all materials. The specification of the 
State did not set up an exact procedure. It merely 
stated that a freshly prepared smear of the asphaltic 
material diluted with carbon tetrachloride should show 
a clear field free from carbonaceous matter when sub- 
jected to a magnification of 200 diameters. In the 
work covered by this report, the test was standardized 
by using 2 parts by weight of carbon tetrachloride and 
1 part by weight of asphaltic material in preparing the 
slides for observation. When prepared in this manner 
all of the materials but seven showed a clear field. In 
preparing the slides for the photomicrographs illus- 
trated in figure 2, 6 parts by weight of carbon tetrach- 
loride and 1 of the asphaltic material were used. 

Because carbon tetrachloride has both solvent and 
flocculent properties, its use as a diluent was ques- 
tioned. Therefore, slides were also prepared with the 
undiluted materials and it was found that only those 
materials that showed flecks when undiluted showed 
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Figure 1.—RELATION or PERCENTAGE OF DISTILLATE BY VOLUME TO DisTILLING TEMPERATURE. 

them in the 2 to 1 and 6 to 1 dilutions. This indi- 
cates that the insoluble matter was already floccu- 
lated and that carbon tetrachloride, in the quantities 
used, did not precipitate carbonaceous flecks in those 
materials not containing them when undiluted. Re- 
cently a sample was tested that contained flecks when 
undiluted that disappeared on dilution with carbon 
tetrachloride; and another sample that was practically 
clear when undiluted contained flecks when diluted. 
In the first case, the poor solvent properties of the 
distillate used in. the material were responsible for 
incomplete solution of the base asphalt, that immedi- 
ately went into solution with the addition of carbon 
tetrachloride. In the second case it was quite evident 
that the carbon tetrachloride acted as a flocculent. 
However, since 6 of the 7 samples that contained 
carbonaceous material had relatively high percentages 
of material insoluble in carbon tetrachloride, it is 

probable that the flecks shown are particles of free 
carbon and carbenes. 

In conducting the exposure tests three samples of 
each material were placed in seamless, flat-bottom 
tins having a diameter of 5% inches and a depth of 
five-eighths inch. Fifty cubic centimeters of material 
were used to obtain a uniform film or layer thickness 
of about one-eighth inch. The samples were then 
placed in exposure boxes made of wood. A plate- 
glass cover resting on strips of felt fastened to the 
edges of each box made a tight joint and excluded 
all dust and dirt. A current of air was passed through 
a wash bottle containing sulphuric acid to remove 
dust and eliminate moisture, and was admitted through 
the bottom of the boxes and escaped through slots in 
the sides, thus serving to carry off the vapors formed. 
The slots were protected from rain by thin boards 
extending from the top of the box downward at an 
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FigurE 2.—PHOTOMICROGRAPHS OF MATERIALS CoNTAINING CARBONACEOUS Marrer (MAGNIFIED 200 Times). THE LOWER 
Two IL.tusrRATIONS SHow REsuLTS OBTAINED WITH SAMPLE 17; IN THE ONE ON THE LEFT THE MarteriAL Was DILUTED 
WITH CARBON TETRACHLORIDE AND THE ONE ON THE RigHT SHOws UNDILUTED MATERIAL. 

angle of about 45°. Cotton batting inserted in the 
slots excluded dust. A thermometer in each box 
rovided a means of determining the temperature. 
he assembly of the boxes is shown in figure 3. 

DIFFERENCES FOUND BETWEEN SLOW-CURING AND CUT-BACK 

PRODUCTS AFTER EXPOSURE 

The samples were placed in the boxes on June 15, 
1933, and were weighed periodically to determine the 
loss in weight. A complete set of samples was removed 
and tested at the end of 5 weeks, another set at 10 
weeks, and the last set at 15 weeks. The temperature 
of the boxes was dependent entirely upon the radiant 

heat of the sun and varied with the amount of sunshine. 
On clear days the temperature was extremely high, the 
maximum recorded being 196° F., but on days with no 
sunshine the temperature in the boxes was the same as 
that of the air. During the period of exposure the aver- 
age maximum daily air temperature was 85° F. The 
samples exposed for 5 weeks were subjected to 333 hours 
of sunlight and those exposed for 10 and 15 weeks were 
subjected to 611 and 866 hours of sunlight, respectively. 
The percentage of loss at different periods of exposure 
is given in table 5 and the results of tests on the 
residues are given in table 6. Photographs of typical 
surfaces at the end of 15 weeks are shown in figure 4. 
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FIGURE 3.—STABILITY SPECIMENS AND THIN Fiums oF MatTreriAL Exposep TO SUNLIGHT. 

While the majority of the materials progressively lost 
weight during the period of exposure, a number of them ! 
actually gained at first, although they later lost more 
than the amounts gained. An exception to this was 
sample 1, which had gained 3.6 percent at the end of 
8 days and at the end of 15 weeks still showed a slight 
gain. The samples exposed for 15 weeks were used 
in determining the loss at 2, 8, 15, 22, 50, and 105 days, 
while the percentage of loss given for the 35- and 70-day 
exposures was based on samples used for test at the 
end of 5 and 10 weeks, respectively. This was done 
to eliminate errors in calculating the results of subse- 
quent tests made upon the respective residues and 
accounts for slight variations that may appear to 
indicate gains instead of losses. 

As was expected, the cut-back products lost weight 
very rapidly. At the end of 2 days they had lost from 
86 to 92 percent of their maximum loss with an average 
of 89 percent, and at the end of 35 days they had lost 
from 97 to 100 percent with an average of 99 percent. 
For the slow-curing products the rate of loss was much 
less, but was considerably more variable. In 2 days 
those samples that had undergone a loss had lost from 
3 ‘to 60 percent of their maximum loss with an average 
of 35 percent. In 15 days they had lost from 16 to 
84 percent with an average of 50 percent, in 35 days 
from 63 to 100 percent with an average of 82 percent, 
and in 70 days from 74 to 100 percent with an average 
of 89 percent. Some idea of the relative speed of 
curing or volatility of the two types of material may 
be obtained by comparing their losses under these 
exposure conditions. The slow-curing materials took 
70 days to lose an average of 89 percent of their volatile 
matter, while the cut-back materials underwent the 
same percentage loss in 2 days. 

LOSS IN DISTILLATION TEST MOST NEARLY APPROXIMATED LOSS 

IN 15 WEEKS’ EXPOSURE FOR ALL TYPES OF MATERIALS 

Figure 5 shows the relation between the percentage 
of loss upon exposure and loss in the distillation test, 

TaBLeE 5.—Loss in thin film exposure 
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loss in the two oven tests, and loss in the asphaltic- 
residue test. Figure 5 indicates that for the slow- 
curing products the loss in 15 weeks’ exposure was 
about 2% times as great as that in the oven test on a 
50-gram sample, about 1% times as great as that in the 
oven test on a 20-gram sample, and about the same as 
the loss in the distillation test. No relationship was 
apparent between the loss in the exposure and asphaltic- 
residue tests. The loss in the latter test was, however, 
invariably greater, ranging from 11s to 14 times the loss 
occurring in 15 weeks’ exposure with an average of 24 
times this loss. For the cut-back products the loss in 
all tests was approximately the same. In all the ma- 
terials studied, both in 1932 and 1933, the total loss in 

ps 
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TABLE 6.—Results of tests on exposure residues 
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1 The 10- and 15-week exposure residues of this sample were nonhomogeneous, 

the distillation test most nearly approximated the loss 
in 15 weeks’ exposure. 

At the end of 15 weeks’ exposure the surfaces of the 
samples varied greatly in appearance, as shown by the 
typical photographs in figure 4. The appearance of 
sample 14 was typical of samples 1, 2, 3, 4, 5, 6, 7, 9, 12, 
18, 19, 20, 21, and 22. However, there were some vari- 
ations in actual appearance that could not be shown in 
a photograph. Samples 1, 2, and 3 had mottled, 
slightly greasy surfaces. Samples 4, 9, and 19 had mot- 
tled, slightly greasy surfaces that were slightly irides- 
cent. Samples 14, 21, and 22 had mottled, iridescent 
surfaces that were not greasy. Sample 5 had a uni- 
formly mottled appearance neither iridescent nor greasy. 
Samples 6, 7, 12, 18, and 20 were smooth and glossy. 

Sample 23 was mottled and slightly greasy, like sam- 
ples 1, 2, and 3, but had some dull areas as shown. Sam- 
ple 13, while smooth and glossy, had some dull areas as 
shown; sample 16 was similar although it was slightly 
mottled. 

Samples 10, 11, and 15 were checked over most of the 
area of their surfaces; their condition is shown by the 
photograph of sample 15. The unchecked areas in 
samples 10 and 11 were glossy but in sample 15 the 
surface was neither dull nor glossy. Samples 8 and 17 
had very rough surfaces, shrunken and pitted as shown 
by their photographs. The material in the bottom of 
the cracks was soft but the outer surface was very hard. 
The cut-back products were all very rough and wrinkled, 
as shown by the photographs of samples 26, 27, and 28. 

2 None of the residues after exposure of this sample was homogeneous. 

The material in the cracks was glossy while the outer 
surface was dull. 

At the end of 15 weeks all of the cut-back products 
were exceedingly hard. As they were originally com- 
binations of semisolid asphalt and volatile fluxes and 
became semisolid in the laboratory tests, it would be 
expected that a semisolid residue would rapidly 
develop upon exposure. It has been believed generally 
that the asphalt base used in cut-back materials is 
relatively resistant to changes caused by weathering 
and that after the cutting medium is removed the 
character of the material changes but little. The 
six cut-back materials used in this study, while losing 
but little weight after 2 days, were much harder and 
had much less ductility at the end of 5 weeks’ exposure 
than the asphalt used as base material. 

The slow-curing products varied as greatly in con- 
sistency as in the rate and amount of volatile matter 
given off during exposure. At the end of 5 weeks all 
of them were harder than the residues from the distilla- 
tion and oven tests, but only 5 had a penetration at 77° 
F. of less than 200. The consistency varied from a 
float of 34 seconds at 122° F. to a penetration of 51 
at 77° F. At the end of 15 weeks only 3 materials 
had a penetration at 77° F. of over 200 and one of these 
materials had disintegrated to such an extent that no 
true penetration test was possible. The consistency 
ranged from a float of 71 seconds at 122° F’. to a pene- 
tration of 20 at 77° F. In the previous work, the 
slow-curing materials all developed residues after 15 
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Figure 4.—ConpiTion oF SurFAces AFTER 15 WEEKS OF EXPOSURE. 

weeks that were as hard as or harder than their asphaltic 
residues of 100 penetration. It seems that it is impos- 
sible to predict, from the results of any of the laboratory 
tests, the consistency of the residues after exposure. 
Generally, however, those materials that took a long 
time to be reduced to 100 penetration in the asphaltic- 
residue test and those whose residues from the distilla- 
tion and oven tests had a low float-test value were the 
softest or most fluid at the end of 15 weeks. 

ASPHALTIC RESIDUES DIFFERED IN CERTAIN RESPECTS FROM 

RESIDUES AFTER EXPOSURE OF ABOUT THE SAME PENETRATION 

A comparison of the residues after exposure and as- 
phaltic residues is of interest. All but 5 of the asphaltic 
residues had ductilities at 77° F. of more than 110 cen- 

timeters and 15 had ductilities at 34°-35° F. of 34 cen- 
timeters or more. After 15 weeks’ exposure only 7 
products had ductilities at 77° F. over 50 and only 4 
over 110. Only 6 had ductilities at 34°-35° F. over 34. 
These differences in ductilities may, in a number of in- 
stances, have been caused by differences in the consisten- 
cies of the residues after exposure and asphaltic residues. 

However, in some cases one of the residues from ex- 
posure had approximately the same penetration as the 
asphaltic residue and the laboratory residues and resi- 
dues after exposure may be compared directly. Table 
7 shows the results of tests on both such residues and 
indicates that the two residues from the same material, 
although having the same consistency, varied consider- 
ably in other respects. 
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witH Loss IN THE LABORATORY 
EVAPORATION TESTS. 

The ratio of the penetration at 77° F. to that at 32° 
F. was always lower for the residue from exposure. 
The ductility at 77° F. of the residue from exposure 
was less than that of the asphaltic residue in all but 
two cases, and for these the ductility of both residues 
was 110+. In five cases the ductility at 34°-35° F. 
of the residue from exposure was greater than that of 
the asphaltic residue. In every case except two the 
pe tee of material insoluble in naphtha was greater 
or the residue from exposure than for the asphaltic 
residue. In every case where there was an appreciable 
amount of material insoluble in carbon tetrachloride 

2297T—35 2 

and carbon disulphide, the percentages were much 
greater for the residues from exposure. 

Figure 6 shows the development of free carbon, car- 
benes, and asphaltenes in laboratory and exposure 
tests for the samples that originally contained or finally 
developed carbenes in appreciable amounts. Samples 
8, 23, and 27 developed only relatively small amounts 
of carbenes and the development of the insoluble 
constituents is shown only for sample 27. In figure 6 
the volatile matter and the material insoluble in carbon 
disulphide, carbon tetrachloride, and 86° B. naphtha 
are plotted for the original materials and their residues. 
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Taste 7.—Comparison of residues of approximately the same penetration from the asphaltic-residue test and from exposure 
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Figure 6.—CompositTION OF SELECTED MATERIALS AND THEIR RESIDUES AS DETERMINED BY SOLUBILITY TESTS. 

All percentages are expressed in terms of the weight of 
the original material. 

The solid portion in each vertical column represents 
free carbon or material insoluble in carbon disulphide. 
The remainder represents bitumen or material soluble 
in carbon disulphide. The double cross-hatched por- 
tion represents carbenes or bitumen insoluble in carbon 
tetrachloride, and the single and double cross-hatched 
portions together represent asphaltenes or bitumen 

insoluble in 86° B. naphtha. The remainder of the 
column represents material soluble in 86° B. naphtha 
that, in the original material, includes the more vola- 
tile hydrocarbons vaporized and lost under test con- 
ditions, as shown by the dotted area. The materials 
soluble in 86° B. naphtha have been termed ‘‘malthenes”’ 
by Richardson.2 This designation, however, has not 
been generally accepted in the United States. 

8 Clifford Richardson, The Modern Asphalt Pavement, p. 544 (2d ed.). 
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As shown by figure 6, the material insoluble in 
naphtha included carbenes and free carbon; in fact, in 
the residue from 15 weeks’ exposure of sample 19 the 
material insoluble in naphtha contained 19 percent free 
carbon and 27 percent carbenes. The term asphaltenes 
also includes carbenes. Nellensteyn * has stated that 
asphaltenes, carbenes, and free carbon all consist of the 
same matter, that is, dispersed carbon in decreasing 
states of protection. The so-called ‘protective bodies” 
he designates as ‘“‘micelles.”’ He states that when 
extracted asphaltenes are heated at a temperature of 
527° F. they will be changed largely to free carbon, but 
a normal asphaltic material can be heated at 662° F. 
for a long period with little production of free carbon. 
The reason for this is that in normal asphalts the amount 
of protective bodies, or micelles, is such that the decom- 
position of part of them influences their protective 
qualities only slightly. Marcusson ® states that the 
material soluble in 86° B. naphtha (malthenes) is 
composed essentially of oily constituents and asphaltic 
resins. As the time of exposure increased, the per- 
centage of asphaltenes, carbenes, and free carbon 
increased while the percentage of malthenes decreased. 

In the 1932 investigation only those materials that 
had high specific gravities and initially contained some 
material insoluble in carbon disulphide with appreciable 
amounts insoluble in carbon tetrachloride developed 
carbenes either in laboratory or exposure tests. In the 
present study some of the materials such as samples 
14 and 27, that originally had high solubilities in carbon 
disulphide and carbon tetrachloride, developed carbenes 
even during some of the laboratory tests. In those 
materials in which carbenes and free carbon were de- 
veloped, it may be considered that the amount or the 
protective quality of the micelles was insufficient to 
prevent carbonization. 

All of the rapid-curing products at the end of 15 
weeks had developed residues containing about 0.5 
percent of material insoluble in carbon disulphide and 
carbon tetrachloride. For all materials the solubility 
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Figure 7.—INDEXx oF INCREASE IN MATERIAL INSOLUBLE IN 
NApPHTHA IN THE VARIOUS RESIDUES. 

‘Report by F. J. Nellensteyn and R. Loman, Sixth Congress, Permanent Inter- 
national Association of Road Congresses, first section, second question, paper 2-O. 

§ See Asphalts and Allied Substances by Herbert Abraham, third edition, p. 755. 

in carbon disulphide was almost the same as the solu- 
bility i carbon tetrachloride, indicating the almost 
complete absence of carbenes. 

MATERIAL INSOLUBLE IN NAPHTHA DEVELOPED MOST UNDER 
EXPOSURE AND LEAST IN THE DISTILLATION TEST 

In figure 6, where all the percentages are expressed 
in terms of the weight of the original material, if the 
percentage of material insoluble in naphtha in any 
residue is divided by the percentage of material insoluble 
in naphtha in the original material and multiplied by 
100, the result is the index of increase in material insol- 
uble in naphtha. An index of 100 therefore indicates 
no change in the amount of material insoluble in 
naphtha. This index for all the samples is plotted in 
figure 7 and shows that generally there was an increase 
in material insoluble in naphtha during the various 
tests. Generally, this index was least for the distil- 
lation test and greatest for the 15-week exposure test. 
In the distillation test it ranged from 88 to 129. 

While inaccuracies in testing may account for indexes 
of less than 100 in the distillation residues, it is possible 
for indexes actually to be below 100. Several samples 
of very viscous, slow-curing asphaltic material, really 
semisolid asphalts, were recently subjected to the dis- 
tillation test. The materials did not yield any distil- 
late but there was considerable loss on cooling. Never- 
theless, the residues were softer than the original 
materials and contained less material insoluble in 
naphtha. 

In the oven-loss test on 20-gram samples the index 
varied from 101 to 161 and in the asphaltic residue test 
it varied from 96 to 302. In the case of the asphaltic 
residue the index was low when the time of reduction 
was low, and for the cut-back materials the asphaltic 
residue test was the least severe of all tests, although 
there is not much difference between this and the dis- 
tillation test. The index was high when the time of 
reduction was high, as indicated by sample 18 which 
took 420 minutes to come to 100 penetration and had 
an index of 302, and by sample 1 which took 280 minutes 
and had an index of 284. The index varied from 105 
to 294 for 5 weeks’ exposure, from 119 to 361 for 10 
weeks’ exposure, and from 133 to 376 for 15 weeks’ 
exposure. Except for four samples, the index of increase 
was greater for 5 weeks’ exposure than for any of the 
laboratory tests. In the exposure tests, products 
originally containing the highest percentages of material 
insoluble in naphtha generally had the smallest indexes 
of increase. 

OLIENSIS TEST INVESTIGATED 

An interesting development in the study of asphaltic 
materials is the test for determining heterogeneity. 
This test has been called the Oliensis or spot test. The 
method of making the test and the interpretation of the 
results were outlined in a paper read before the 1933 
meeting of the American Society for Testing Materials. 
In making this test on the original material, one part 
by volume of the asphaltic material was treated with 
5.1 parts by volume of a special naphtha at such a 
temperature that solution or dispersion was complete 
in 6 to 8 minutes. After cooling to room temperature 
and adding fresh naphtha to replace any losses, a drop 
of the mixture was allowed to drop on a filter paper (J. 
H. Munktells, No. OO). The appearance of the re- 

| sulting stain varied from a uniformly colored spot, in- 
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dicating complete dispersion, to stains in which the 
center was black and rough and surrounded by a lighter- 
colored ring. 
tained another test was made after the mixture had 
stood for 24 hours. The appearance of the central 
spot was taken as an indication of the degree of hetero- 
geneity, and those materials that gave a uniform stain 
after standing 24 hours were considered as homogeneous. 

The test is presumed to give an insight into the con- 
ditions of manufacture. The types of asphaltic prod- 
ucts that should be expected to appear homogeneous 
are as follows: 

1. Steam-refined residuals known to have been re- 
fined without serious cracking. 

2. The bitumen of certain native asphalts. 
3. Some types of slightly oxidized residuals from as- 

phaltic-base crude oils. 
The materials that should be expected to appear 

heterogeneous are: 
1. Steam-refined residuals that have been overheated 

during the refining process. 
2. Cracking-coil residuals. 
3. Highly blown residuals 
The test was initially developed and used to determine 

whether or not petroleum asphalts had been subjected 
to higher temperatures than usually occur in steam re- 
fining. It has been used by some States as an identi- 
fication test for the control of liquid asphaltic materials. 
Recently the test procedure has been standardized by a 
group of Middle-Western States. In applying the test 
to slow-curing materials they state that if the material 
has less than 15 percent of distillate by volume at 
680° F., the test may be made on the original material. 
For all other materials of the slow-, medium-, or rapid- 
curing classes the test shall be made on the distillation 
residue. The presence of the volatile distillate in these 
types of materials was thought to interfere with the 
sensitivity of the test. It will be noted that in the 
case of the slow-curmg materials investigated the test 
may be run on 18 samples as received, since in only 5 
cases was the percentage of distillate by volume at 
680° F. more than 15 percent. 

The identification of the character of the manufac- 
turing process was the main object of this test, and 
for this purpose it should be made only on the finished 
products as they leave the refinery and not after they 
have been subjected to various laboratory heat tests. 
However, in order to determine if the character of the 
materials underwent a change during the laboratory 
tests and under exposure, the residue from the distilla- 
tion test, the 20-gram oven-loss test, and the asphaltic- 
residue test, as well as the residues from the 5-week and 
15-week exposures were subjected to the Oliensis test. 

For the original materials 5.1 parts of naphtha by 
volume were mixed with 1 part of asphaltic material. 
For the various residues the volume of naphtha was kept 
constant and the weight of a unit volume of the original 
material minus the weight of volatile matter that 
occurred in producing the residue was used. Table 8 
shows the ratio of naphtha to asphaltic material used 
for each sample. Only in the case of the asphaltic 
residue of sample 11 did the ratio of naphtha to asphaltic 
material exceed 7 to 1 by weight, the proportion that 
was being used by one State at the time these tests 
were made. It is thought that the variations in 
proportions of naphtha used in this work were not 
sufficiently wide 

When an entirely uniform stain was ob- | 

to affect the character of the stains | 

TaBLE 8.—Ratio of naphtha to asphaltic material in Oliensis test 

Distillation Residue from 
Origi- residue 20-gram| 4 sphal-| °*Posure for— 

nal ma- loss | tic resi- 
Sample identification | terial ! residue | que (by | 

Ge x By By (by . weight)| 5 vee 15 pi 
wei : welg © (by Ns 82U)| weight | volume weight) | weight) 

Anal eee 4,12 5. 69 4.10 4.10 
4. 20 5. 83 4.01 5. 00 4.13 4, 27 
4.01 5. 51 3. 92 5, 22 4. 00 4.13 
A ORS ee seen 3. 96 5. 07 3. 99 4.02 
4. 58 6. 04 4. 33 5. 61 4. 37 4. 47 
Pps) tae ae 4, 26 6. 49 4. 35 4. 42 
5. 37 6. 90 4. 30 6. 37 6.15 5. 24 
Eas Bl es See 4. 27 6. 32 4, 20 4, 22 
4, 29 5. 86 4.11 5. 55 4.16 4,28 
5. 28 6. 84 4, 92 6. 22 4. 90 4.96 
5. 22 6. 94 4. 61 7.35 4,91 5. 03 
4,99 6. 38 4. 57 6. 68 4.75 4. 84 
4.31 5. 68 4.17 5. 86 4, 21 4. 33 
Be eee 3. 89 5. 36 3. 93 4. 06. 
4.77 6. 18 4, 42 6. 54 4.44 4. 65 
4. OG eee ase 4, 22 6. 56 4, 26 4, 37 
4, 82 6. 80 4. 52 5. 18 4.70 4.76 
5. 02 6, 42 4.95 5. 52 5. 07 5. 10 
4.05 5. 76 3. 97 4.73 4. 06 4. 23 
4.78 6. 05 4. 53 5. 95 4. 65 4.76 
4.77 6. 07 4, 55 6. 52 4. 64 4.74 
4. 48 5. 70 4,38 5. 76 4, 42 4. 52 
4, 41 5. 86 4, 29 6. 44 4, 25 4. 40 
5. 40 7. 40 5. 22 5. 27 5. 22 5. 24 
5. 48 7. 24 5. 38 5. 34 5. 36 5. 36 
5. 44 7. 14 5. 36 5. 31 5. 37 5. 34 
5. 72 7. 98 5. 54 5. 50 5. 52 5. 54 
5. 24 6. 90 5. 20 5.15 5.17 5. 18 
5. 38 7. 29 5, 24 5, 24 5. 24 5. 24 

1 All original material 5.1 naphtha to 1 of sample by volume. 

TaBLE 9.—Character of original materials and residues as deter- 
mined by the Oliensts test } 

: ; oe Distilla- | 20-gram - | 5-week | 15-week 
reper hieg ae tion loss pple exposure | exposure 

HELE residue | residue residue | residue 

MOMOOHMOOMM AH OMMOMOMOS ont t hit EEO HF HO fag a dO dF OO bat td bt TORY OHI OO OR OA ee rt te md OO meth te HOMOOMMOCOMOMM AMMA momh oom tr tn Pod dg dd dd BYP yt dd 

1 H=Heterogeneous; O=Homogeneous; SH=Slightly heterogeneous. 

obtained. Table 9 gives a classification of the stains 
and figures 8, 9, and 10 show stains typical of those 
obtained with the various samples and their residues. 

Since the results of the tests were based upon the 
appearance of the stain as interpreted by the observer 
it is difficult if not impossible to distinguish betwee 
border-line materials or to express clearly the apparent 
degree of heterogeneity that may be indicated by th 
varying degrees of nonuniformity in the stain. The 
classification given in table 8 should be understood to 
mean that, in the judgment of the observers, the mate- 
rials and their residues gave stains that appeared either 
entirely uniform throughout or were only slightly non- 



PUBLIC ROADS 109 
August 1935 

Ne 
Soke 

SAMPLE — 2 SAMPLE ~ 16 

SAMPLE = 82.2% “SAMPLE -18 

A-ORIGINAL MATERIAL C-20-GRAM LOSS RESIDUE FE -RESIDUE AFTER 5 WEEKS EXPOSUR 

B-DISTILLATION RESIDUE D- ASPHALTIC RESIDUE ss E- RESIDUE AFTER 15 WEEKS EXPOSURE 

Figure 8.—TypicaL OLIENSIS STAINS. 



110 PUB LNGlR OAD 'S Vol. 16, No. 6 

_ _—szi‘( iéiéiiC¥ _ oa Oe ae 
oe SAMPLE=|0° sy SAMPLE Sia . oa 

|A- ORIGINAL MATERIAL C-20-GRAM LOSS RESIDUE .  ~—_ E- RESIDUE AFTER 5 WEEKS EXPOSURE 

B- DISTIEE ATION  RESUDUE ¢/  DAASRHALTIC RESIDUE Sia on fa bes RESO URI AR EELS [NEE Sse aN Oane 
Figure 9.—TypicaL OLIENSIS STAINS. 



August 1935 POBED Cy ROADS 111 

SAMPLE -7 

i SAMPLE. - 6 | 

A- ORIGINAL MATERIAL _ C- 20-GRAM LOSS RESIDUE E- RESIDUE AFTER 5 WEEKS EXPOSURE 

B-DISTILLATION RESIDUE D- ASPHALTIC RESIDUE F- RESIDUE AFTER 15 WEEKS EXPOSURE 

Figure 10.—TypicaL OLIENSIS STAINS. 



112 PUBLIC ROADS Vol. 16, No. 6 

uniform, having a slightly darker, more-pronounced 
center, or else they had a definite dark to black center 
surrounded by a uniformly lighter-colored stain and 
were consequently classified as homogeneous, shghtly 
heterogeneous, and heterogeneous, respectively. No 
attempt was made to indicate the extent or degree of 
heterogeneity other than to classify as shghtly hetero- 
geneous those materials and residues giving stains only 
slightly nonuniform. 

ALL EXPOSURE RESIDUES FOUND TO BE HETEROGENEOUS 

A study of the results of the Oliensis test shows that 
of the 29 materials, 10 were homogeneous, 4 slightly 
heterogeneous, and 15 definitely heterogeneous in their 
original state. All the residues from exposure were 
heterogeneous or slightly heterogeneous. Of the 10 
materials appearing homogeneous in their original 
state, 5 developed homogeneous residues in all 3 
laboratory loss tests, 2 developed slightly heterogeneous 
residues in all 3 tests, 2 developed shghtly heterogene- 
ous residues in the oven test and distillation test but 
not in the asphaltic-residue test, and 1 developed 
slightly heterogeneous residues in the oven test, and 
asphaltic-residue tests but not in the distillation test. 

Of the 4 materials appearing slightly heterogeneous 
in their original state, 1 developed homogeneous resi- 
dues. in all 3 laboratory tests, 2 developed homogeneous 
residues in the asphaltic-residue and loss tests but 
remained heterogeneous in the distillation test, and 
one material remained heterogeneous in all tests. 
The 15 materials that appeared heterogeneous in their 
original state all developed heterogeneous residues. 

A comparison of these materials according to the 
character of the stains produced in the laboratory and 
their behavior under laboratory and exposure conditions 
may be of interest. Nine of the materials, samples 2, 
3, 4, 9, 14, 17, 19, 23, and 27, were heterogeneous 
originally and had heterogeneous residues. The photo- 
graph of sample 2 in figure 8 is typical. All of the 
above samples, except 23 and 27, showed micropscopic 
flecks as shown in figure 2 when examined under the 
microscope. All except samples 14 23, and 27 had 
appreciable amounts of material insoluble in carbon 
tetrachloride in the original sample. Samples 14, 23, 
and 27 developed carbenes at the end of 15 weeks 
of exposure and the other samples showed an increase 
in carbenes and free carbon. 

All of the nine samples, except sample 23, had high 
percentages of material insoluble in naphtha. All had 
specific gravities greater than 1.01, except sample 
27. This material has a very high specific gravity for 
a fluid cut-back and its behavior and characteristics 
place it in this group having high specific gravities. 
The asphaltic residues of the 9 samples showed the 
effect of changes in temperature, having low penetra- 
tion at 32° F. and no ductility at 34°-35° F., although 
all had ductilities of over 110 at 77° F. 

After 15 weeks’ exposure all the materials were very 
hard, except sample 9, which, at the end of 5 weeks, had 
separated into two parts, one hard and brittle, the other 
soft and oily. It was impossible to flux these two parts 
so that, while having a float at 122° F. of over 1,000 
seconds at the end of 5 weeks, it was impossible to get 
a penetration until the end of 15 weeks. When running 
the softening point test on the residues of this sample, 
after exposure, the material did not flow slowly to the 
bottom but dropped immediately at the temperature 
reported in table 5. Ductility tests were made on this 

sample but the results are unimportant as no true duc- 
tility value was obtained. The residues after 15 weeks’ 
exposure of samples 2, 3, 4, 17, 23, and 27 had very low 
ductility at 77° F. but samples 14 and 19 had ductilities 
at 77° F. of 97 and 110+, respectively. None of the 
residues had any ductility at 34°-35° F. 

Three of the materials, 5, 11, and 13, gave Oliensis 
stains identical with those of the preceding samples. 
They did not, however, have as high specific gravities, 
were clear in the microscopic test, and did not, even at 
the end of 15 weeks, develop any carbenes. Their 
asphaltic residues had some ductility at 34°-35° F. 
and, at the end of 15 weeks, while having low ductility 
at 77° F., samples 5 and 13 had some ductility at 34°- 
Beal a 

The remaining 17 materials all had low specific gravi- 
ties, were clear in the microscopic test, did not have 
carbenes, and, with 1 exception, did not develop them. 
They showed various types of stains in the Oliensis 
test although all were heterogeneous at the end of 5 
weeks. Their asphaltic residues varied in ductility 
and effect produced by changes in temperature as did 
their residues after exposure. 

The stains of samples 1, 24, and 29, while resulting in 
photographs similar to those of the high-gravity ma- 
terials, did not have the nuclei as raised or as rough as 
the stains of the materials with high specific gravities. 
The producers of the cut-back asphalt designated as 
sample 24 stated that their plant had no cracking 
equipment. This material, therefore, had evidently 
become heterogeneous in the refining process because 
of overheating, since the residue obtained in laboratory 
tests had good ductility, indicating that it had not been 
overblown. Sample 29 likewise was a cut-back asphalt 
with a ductile base. Sample 16 was slightly hetero- 
geneous originally, produced slightly heterogeneous 
residues by distillation and volatilization, and produced 
a heterogeneous asphaltic residue. The asphaltic resi- 
dues of these four samples were not especially affected 
by temperature change, having some ductility at 34°- 
35° F., although the asphaltic residues of samples 1 and 
16 had comparatively low ductilities at 77° F. The 
residues of samples 1 and 16 after exposure had low 
ductility at 77° F. Those of samples 24 and 29 (cut- 
back asphalts) were very hard and consequently had 
very low ductility. 

OLIENSIS TEST MORE SENSITIVE THAN MICROSCOPIC TEST IN 

DETECTING OVERHEATED MATERIALS 

Samples 8 and 15 were homogeneous but all of their 
residues from laboratory tests were slightly hetero- 
geneous. The asphaltic residue of sample 8 had rela- 
tively low ductility at 77° F. but that of sample 15 had 
good ductility. Both asphaltic residues had good 
ductilities at 34°-35° F. The residue of sample 15 
after exposure had low ductility at 77° F. Sample 8, 
the only material of low specific gravity to develop 
carbenes, separted in the exposure test in the same 
manner as sample 9. 

Samples 18 and 20 were both slightly heterogeneous 
but their asphaltic and loss-test residues were homo- 
geneous. Their asphaltic residues and their residues 
after exposure had good ductility at 77° F. Although 
the asphaltic residue of sample 20 had a ductility of only 
three-fourths centimeter at 34°-35° F., the ductility of 
its residue after exposure, as well as the ductility of the 
two residues of sample 18, was good at 34°-35° F. 
Sample 18 developed a residue at the end of 5 weeks’ 

Cape Se eet tw 

a 
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exposure that was the least heterogeneous of any of the 
residues from the slow-curing materials. 

Samples 10 and 26 and their asphaltic residues were 
homogeneous. The asphaltic residues of both samples 
had good ductility at 77° F. and 34°-35° F. At the 
end of 15 weeks, sample 10 had low ductility at 77° F. 
but good ductility at 34°-35° F., while sample 26, a 
cut-back asphalt, was extremely hard and nonductile. 

Sample 12 was homogeneous as was its residue after 
distillation. Its asphaltic residue had good ductility 
at 77° F. and 34°-35° IF’. and the residue after exposure 
had fair ductility at 77° F. and good ductility at 
34°-35° F. 

Sample 7 was slightly heterogeneous but all of its 
residues from laboratory tests were homogeneous. Its 
asphaltic residue was ductile at 77° F. but only slightly 
so at 34°-35° F. and its residue after 15 weeks of expo- 
sure had good ductility at 77° F. and at 34°-35° F. 

Samples 6, 21, 22, 25, and 28 were homogeneous with 
homogeneous residues from laboratory tests. All of 
their asphaltic residues had good ductility at 77° F. and 
all except those of samples 21 and 22, the California 
residuals, had good ductility at 34°-35° F. At the 
end of 15 weeks, sample 6 was still fluid, while the cut- 
back asphalt samples 25 and 28 were very hard and 
nonductile. Samples 21 and 22 had good ductility at 
77° F. and at 34°-35° F. although their asphaltic resi- 
dues were nonductile at 34°-35° F. 

It is readily apparent that the laboratory tests did not 
produce residues that gave stains in the Oliensis test 
radically different from the stains of the original ma- 
terials. The behavior of the residues from exposure 
showed, as did the other tests, that outdoor exposure 
alters asphaltic materials far more than any of the 
laboratory heat tests. This was strikingly shown by the 
decidedly heterogeneous stains obtained with the 
residues from exposure, especially in the case of the 
materials originally homogeneous. It is not believed, 
however, that it is possible to predict the physical and 
chemical characteristics of the material after exposure 
from the results of the Oliensis test, whether made on 
the original material, the residues from laboratory 
tests or both. Residues having what are believed to be 
desirable qualities were obtained from both homogene- 
ous and heterogeneous materials, although hetero- 
geneous materials undoubtedly have a more pro- 
nounced tendency to carbonize and their slow-curing 
products generally develop a less-ductile residue. 

For detection of materials that have been in- 
advertently or intentionally subjected to too high a 
temperature during the refining process, the Oliensis 
test seems to be more sensitive than the microscopic 
test. All of the materials that had the characteristics of 
overheated or cracked materials were heterogeneous in 
the Oliensis test but only seven of them showed micro- 
scopic flecks. 

HUBBARD-FIELD STABILITY TEST USED TO MEASURE BONDING 

STRENGTH AND DEVELOPMENT OF BONDING STRENGTH 

UPON EXPOSURE 

Cylinders were made according to the Hubbard-Field 
method and tested to determine the adhesiveness or 
bonding strength of the original material, the residue 
after distillation and the asphaltic residue, and the 
development of bonding strength by the origina] ma- 
terials after exposure. The first series, for the deter- 
mination of bonding strength, consisted of 3 sets of 3 
cylinders each for each material. The first and second 

sets contained 16.6 percent by volume of the original 
material and distillation residues respectively mixed 
with 83.4 percent of a standard sand. The third set 
contained the same percentage of asphaltic residue by 
weight as was contained in the cylinders made with the 
original materials that gave an almost constant per- 
centage of bitumen by volume in the cylinders of this 
set. All cylinders of series 1 were tested immediately 
for stability at 77° F. 

The second series of cylinders, for determination of 
the development of bonding strength, likewise consisted 
of 3 sets of 3 cylinders using the same aggregate used 
in the first series and the same percentage of the 
original materials by volume. These three sets were 
placed in the exposure boxes and subjected to the same 
exposure conditions as the thin films. One set was 
removed at the end of 5, 10, and 15 weeks. The cyl- 
inders were weighed before and after exposure and the 
loss in weight was expressed as a percentage of the 
bituminous material present in the cylinder as made. 
After weighing, the cylinders were tested for stability 
Abdel als 

For comparative purposes two additional sets of 
cylinders were made, using as a binder the amounts of 
distillation residue and asphaltic residue that would 
have been obtained if the bitumen in the cylinders 
containing the original material had been subjected 
to the distillation or asphaltic-residue test. The aggre- 
gate used was a Potomac River sand that had been 
separated on standard sieves and recombined to give 
the following grading: 

Percent 

Passing T1010, retained on 0.20 = es eee a 3h Hf 
Passing no.20, retained 00 NO: 00s... 2a. ee eee nee 10. 3 
Passio no. 30, retained Ol 110.40. eae eee ae ee is} ll 
Passing noe40. retained on nO. 00 le- ene a= oe eee = 21.3 
Passing 10.950) retained ol mow s0lss2- 2 eee eee ene 36. 6 
Passing nows0sretained omn0, 1002). 22.22 22-2 eee 6. 1 
Passing no..100, retained on 10.200... 2222-2 5--2-2=--- 3. 2 
HGNC URTV aed NYO RP 10M lage, ae SRM apes ele Soe he ey es, Bae ek eS nde 

This sand had a specific gravity of 2.666 and the voids 
in the mineral aggregate, determined on the compacted 

cylinders of both series, were 38 percent for the cyl- 
inders made with the original materials, 37.4 percent 

for the cylinders made with the distillation residue, 
and 36.9 percent for the cylinders made with the 
asphaltic residue. 

The method of mixing and molding the cylinders was 
the same as that used in 1932. The results of the tests 
on the cylinders of series 1 and 2 are given in tables 

10 and 11, respectively. All results are the averages 

of three tests. 
The results of tests on the cylinders of series | are 

shown graphically in figure 11. The stability of the 

cylinders at 77° F. was plotted against the Furol vis- 

cosity at 122° F., and the results of the float test at 

77° F. for the cylinders made with the original mate- 

rials and against the float test results at 122° F’. and the 

penetration at 77° F. for the cylinders made with the 

distillation residue. Since the asphaltic residues are 

all of approximately the same consistency, the sta- 

bilities were plotted for each sample independently. 

Figure 11 shows that although the stability of the 

mixtures was roughly proportional to the consistency 

of the contained bitumen, materials having the same 

consistency as measured by viscosity at 122° F., float 

test at 77° F. and 122° F., and penetration at 77° F. 

had different stabilities. This was especially noticeable 
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TABLE 10.—Results of tests on series 1 cylinders oes ORIGINAL, MATE RIAL — 

29 220 

Original material Distillation residue |Asphalticresidue 

28 
200 {0° _ 

Sample iden- ol? 
tification | Stabil-| pyoat Furol | stapil-| Float | Pene- | Stabil-| Pene- ol7 Fj ftis 0%? 

ity at [poser | ipect’| ity at | at 122° | tration | ity at | tration Lia 3l4 BS 30 
TT Bh daa | fi Be |e Bo) (at77oF | 772 a tahey ok, 100 eal 8,_J20 te 

| u IQII6, (24 IR2I 06 
a, LE ap % *| 38 

Pounds| Seconds| Seconds| Pownds| Seconds ores 27e\| 
eect meee 75 100 204 125 Dk (eee. 2, ° a 
See) Care ies 125 52 303 400 Pais eee 3, 975 100 Q 100 goo ee BOCA Fe. 200 208 ue g 
Aes Gets a 125 50 O74 200 yee | ieee tee 3, 775 105 FUROL VISCOSITY AT 122° F. — SECONDS 

(Nate SS lcs ede 150 63 404 250 45) os Sees ee Be OE ORIGINAL MATERIAL 
Dipl eee ee ee ae 125 36 331 325 af He (ers arses ; 300 7 
ieee Pein thse 75 21 335 150 21 eee 2) 26 o 0&2 =o . 
/htae Bae STh 75 9 181 375 G05 | aa 5) 
Bose ee 100 60 277 100 Of il| Seoeeeee 2, 100 100 
Qs ae See 100 33 175 200 nD fee eee 3, 500 86 200 28 
Ue he eee 75 11 197 475 Sia ase see 2, 425 106 ol? 
Tynan copes 25 4 50 175 ey |e a 3, 175 84 7 2b [3 . 22h 64 
{oes oe 100 13 182 200 BS die Soelee 2, 450 97 4I8 5 cao Has 
eke see? 150 41 406 200 By | heeenaea 2,775 93 ¥ lo 95 2 Ie 
VURT A 2) aa 125 49 278 150 36) ,e oes 3, 675 93 100 SS 32 | 2 
Liar 75 21 219 175 Cle (ee Se 2, 675 103 7O@S Pod e “ 
(a 75 38 217 100 PAN es oes ee 2, 225 109 BP 
i (eae, oe 150 20 205 1, 000 TO) eee cece 2, 700 ae | 
1 RW aes ae eee 125 9 199 400 60 zee 1, 300 1 ol = 
RSS ir Fe 175 75. |, (8201, 475 BU eae 3, 75 102 S ze AP oe edt tere nudes Oi one is 
2 100 46 300 2, 325 ta 

75 23 293 2, 375 il DISTILLATION RESIDUE 150 60! 768 2, 325 113} 4 1200 aoe 
75 12 123 2, 700 98 2 4s 7. 
75 14 241 2, 950 101 2 ° 

275 31 472 2, 825 94 2 
150 35 351 2, 725 95 res 
25 3 47 3, 850 90 uw 

200 19 303 3, 725 97 te 
275 17 260 3, 650 100 ie 6 
125 39 350 3, 000 104 % 0b, ° 
100 37 431 2, 950 112 > 400 O22, és 
75 25 331 3, 075 101 5 ° 
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TABLE 11.—Results of tests on series 2 stability cylinders FLOAT AT 122° F - SECONDS 
DISTILLATION RESIDUE 
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Oe Ce eee °28 
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6 75 225 250 300 4 9 9 175 7 | 1,975 38 
a 75 425 550 600 15 20 21 425 23 | 2,075 35 
8 100 250 300 300 3 5 6 175 6 | 1,750 35 
9 100 550 775 800 7 12 12 325 11 | 3,075 31 3000 10 75 775 950 | 1, 250 14 18 18 550 22 | 2,175 34 

11 25 425 500 800 18 21 22 275 25 | 2, 450 47 
12 100 850 425 550 10 14 15 275 18 | 2, 050 38 
13 150 650 700 875 6 10 10 275 9 | 2,350 33 14] 125] 650] 900 | 1,025 4 8 8 | 295 5 | 2,900 30 BK 
15 75 475 550 600 8 12 13 300 15 | 2,325 38 
16 75 250 825 350 4 8 9 175 7 | 1,875 38 17| 150} 950 | 1,000] 1,200] 15] 19] 21 | 1,975 21 | 2,325 28 
18 125 825 950 | 1, 200 16 20 20 500 18 | 1,750 25 1000 
19 175 | 1,650 | 2,525 | 3,075 7 ‘ltt 11 625 10 | 2,825 24 
20 100 725 | 1,000 | 1, 250 8 12 13 350 14 | 2,050 31 
21 75 525 700 850 8 13 14 300 15 | 1,950 37 
22 1&9 775 | 1,075 | 1, 400 5 9 9 350 10 | 2,100 29 0 
23 75 275 550 750 7 11 11 200 12 | 2,175 39 tS SPAT 998 A) TSS a7 192 el ae St oe Ta OT 
24 75 | 4,275 | 4,325 | 5, 200 20 93 22 | 3, 650 25 | 2.800 93 2-4 = 6 8 “GiO i214) Slee leuk 20 ae2> 24 ee oC oa mao me 
25 275 | 3,700 | 3, 750 | 3, 850 17 19 19 | 3,025 24 | 2 650 22 IDENT IFICATION 

26 | 150 | 3,500 | 3,125 | 3,550} 21) 24] 23] 2800 23 | 2,775 22 pe e 27 25 | 1,450 | 1,500] 1.650] 28] 30| 29 | 2'875 30 | 3°600 = Figur 11.—RELATION BETWEEN THE CONSISTENCIES OF ORIGI 
28 | 200 | 4,650 | 4,250| 4,975] 16] 18] 18 3,400 21 | 3, 475 20 NAL MAaTeERIALS, DisTILLATION RESIDUES, AND ASPHALTIC 
29} 275 | 4,400 | 4,100 | 4,825] 13] 16] 16] 3 250 24 | 3, 400 21 RESIDUES AND THE STABILITY AT 77° F. oF CYLINDERS OF 
30 20 ek ot Barca, ta | oe as| eo a a 3, 175 26 | 2,700 24 Srrigs 1. i = OE Ted [ek 0 ah oe | RA RS (te 2, 075 20 | 2, 675 21 

bee pa er aes It is seen that the cylinders made with the asphaltic 
: : residues of samples 2, 3, 4, 9, 11, 14, and 19 all had 
in the results with the cylinders made with the asphaltic | stabilities of over 3,000 pounds. All of these materials 
residue. Although all of these residues had approxi-| were heterogeneous originally, all were materials of 
mately the same penetration, the stability of the cylin- | high specific gravity, and all except sample 11 contained 
ders varied from 1,900 pounds for sample 18 to 3,975 | or developed carbenes and free carbon. Sample 11 had 
pounds for sample 2. a relatively high specific gravity but did not develop 

ee ee 
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STABILITY 

STABILITY AT 77°F.-THOUSAND POUNDS 

ESIDUE 
_ DISTILLATION 
yk 

| 
RIGINAL 

ETE ae 

ETL TY 

T 7 

S OF BITUMEN 

LOSS OF BITUMEN — PERCENT 

7 
| 14 16 18 

IDENTIFICATION 

Figure 12.—Comparison or Loss or BITUMEN AND STABILITY 
or SpRiges 2 Husparp-Firenp CYLINDERS. 

carbenes. Samples 5, 7, 13, 15, 17, and 23 had stabilities 
between 2,500 and 3,000 pounds. Samples 17 and 23 
were heterogeneous materials of high specific gravity 
that contained or developed carbenes. Samples 5 and 
13 were heterogeneous materials of fairly high specific 
gravity but they did not develop carbenes, and samples 
7 and 15 were materials of low specific gravity. All of 
the cut-back products had asphaltic residues giving 
stabilities of 2,500 pounds or over and five gave stabilities 
of 3,000 pounds or over. 

Figure 12 shows the results of stability tests on the 
cylinders of series 2. The loss of bitumen in 5 and 15 
weeks of exposure and the theoretical loss of bitumen 
in the cylinders made with the distillation and asphaltic 
residues were plotted for each sample. The stabilities 
at 77° F. for each sample were also plotted. 
In this figure it is seen that, in the case of the slow- 

curing materials, although the loss of bitumen in the 
exposed cylinders was approximately the same as the 
loss in the distillation test, the exposed cylinders had 
greater stability than the cylinders made with the distil- 
lation residue except in the case of sample 17. This 
sample, even in 15 weeks, did not attain as high a 
stability as the cylinders made with the distillation 
residue. It is also seen that the loss in 15 weeks’ ex- 
posure did not approach the loss in the asphaltic residue 
test and that the stability of the exposed cylinders did 
not approach the stability of the cylinders made with 
the asphaltic residue, except in the case of sample 19. 

For the cut-back materials the indicated losses were 
probably in error due to unavoidable loss of volatile 
matter while mixing and molding the cylinders. The 
losses in 5 and 15 weeks of exposure probably should 
have been about the same as the losses in the distillation 
and asphaltic residue tests. The stabilities at 5 weeks 

were higher than the stabilities of cylinders made with 
the asphaltic and distillation residues except in the case 
of sample 27. 

SATISFACTORY CHECKS OBTAINED WITH RESULTS OF 1932 TESTS 

After the exposure tests had been started, a question 
was raised concerning the use of plate glass covers for 
the exposure cabinets because it prevented the active 
ultra-violet rays from acting on the materials. [used 
quartz glass not being available, Vita glass, which, 
after a short stabilization period, is guaranteed to per- 
manently transmit an effective volume and combination 
of wave lengths of active ultra-violet light, was used to 
determine the effect of the passage of more active light. 
Duplicate sets of 10 of the slow-curing materials, 2 of 
the rapid-curing materials, and sample 27 and 3 new 
medium-curing materials, samples 30, 31, and 32, were 
exposed under both Vita and plate glass for 5- and 
10-week periods. The materials were exposed in thin 
films and also admixed with the standard sand in the 
form of Hubbard-Field cylinders. 

This exposure was started August 28, 1933. During 
the first 5-week period the average maximum air 
temperature was 80° F. and the number of sunlight 
hours was 266. During the 10-week period the average 
maximum air temperature was 73° F. and the number 
of sunlight hours was 512. The results of the tests on 
the thin films are given in table 12, and those on the 
Hubbard-Field cylinders in table 13. 

As shown by tables 6 and 12, the materials did not 
lose as much nor get as hard in 10 weeks as they did in 
the original 5 weeks of exposure. This was due to the 
lower air temperature and also to the fact that the 
sun’s rays striking at an oblique angle did not cause 
the material to get as hot as earlier in the summer. 
There was little if any difference between the materials 
exposed under the different types of glass. The samples 
exposed under Vita glass had a little more material 
insoluble in carbon disulphide and carbon tetrachloride 
and generally had a little more material insoluble in 
naphtha. Each solubility reported was the average of 3 
or more tests. The results of the stability tests do not 
show that there was any difference between the two types 
of glass. The comparative study of the effectiveness of 
Vita glass and plate glass as cover for the exposure of 
the samples did not, produce differences great enough 
to indicate their relative efficiency for this purpose. 

As stated previously, four of the samples tested in 
1932 were included in the 1933 work and the results 
obtained, as shown in table 14, were in remarkably close 
agreement with the previous tests. In the case of 
samples 17 and 19 the residues from the 1933 exposure 
tests had greater¥ percentages of free carbon and 
carbenes than did residues from the 1932 exposure tests. 

The results of the two sets of stablity tests were 
not in such close agreement because the aggregate used 
in the 1933 tests was somewhat coarser than that used 
in 1932. In 1932, cylinders made with sample 17 were 
the only ones that, after 15 weeks’ exposure, had a 
stability about the same as those made with the dis- 
tillation residue. In 1933 the cylinders made with 
sample 17, after 15 weeks’ exposure, had less stability 
than the cylinders made with the distillation residue. 
Cylinders of sample 19 that in 1932, after 15 weeks’ 
exposure, had a stability approaching that of the 
asphaltic-residue cylinders, in 1933, after 15 weeks’ 
exposure, had a stability higher than that of the 
asphaltic-residue specimens. 
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TaBLe 12.—Results of tests on plate and Vita glass exposure residues 

5 WEEKS’ EXPOSURE 

Plate glass Vita glass 

8 ' ' ° ' ' | A 

rs | - | Ductilityat5| Ha | B+ | A P : Ducetility at5| 4.| A+ | Ss) ¢ ee F = 5 enetration re : ie ° s _ Penetration | 3 cm per minute BS 88 3 ee | cm per minute 8S 88 3. 

a % 3. a@q| eq] 8s ES 8 Sq | 8, | 88 = Loss| S| atzre| avsoe| Ao | BS | ea | Loss) 3 |atzzelatse| ae ee 23. 
fs 3 |F.,100/F.,200| “gq | At77°|At34°-/ gS | ga a4 3 |F.,100/F.,200] q | At77°|Atad-| 2S | 2 aa 

= 3 fi[¢5|g6| 8 | F. |35°F.) 83 | $8 | 3 3 | 2,5 |¢,00| § | F. |35°F.| 83 | 62 jag 
3 al sec. | sec. | 3 ENON SR EE eS sec. | sec. s ca Bees 

Per- | Sec- | Centi- | Centi-| Per- | Per- | Per- | Per- | Sec- Centi-| Centi-| Per- | Per- | Per- 
cent | onds | | °F. | meters| meters| cent | cent | cent | cent | onds °F. | meters) meters| cent | cent | cent 

1 Wee Ee Oe aa —2.5 BO: tx SSS Ea ee ie ew oe ee ee ee 12.7 | —3.3 AG oe es ee | Se ee ee S| eee 13. 4 
geet ns Me a cen ot wt Bickumas teat Wein ealias ag ora 0.82) 16,86) |r 201 0) etesalle me OF | toes 8) pemeale ate ngs een pe Bees 1.22| 6.85| 29.2 
Ga ck ttak ior Th re eee: yee as 2 | eae eet eee ee 18.4 e 2:9.) @ BWilece. cl cog gal eee Le esl een eee 17.8 
fd ore eee ee 2.2 Baz) aeaee |e mae er 8 eee | ee .29| 2.68 | 24.8 1.6 Cy eae cite Sey et Ee eS VE Pe 23. 4 
i Ly (gk Re AOR Bs 8 Se ae 12,4 T4042 Svs. S| hes ea aan es een 1.08 4.09 26.8 12.4 DESK A oe arc Yr Sn aes We tenes Sha 1. 28 4.64 28.3 
18s Sees eee 16.0 o Ot inl pare aie ne | hy Sy en PS. (Pe alle? oes 12,2 14.9 10 ae eS, (et ae | ee Eee ee ee ee 12. 
LO ee ee ee ee 6.4 LOS tee: sa es Ee Ses eee ee eee 1.68 9. 63 32.6 5.6 OSM ass eae | peer se ee we 2.00 | 10, 22 33. 
20 tie eee fe ie LOB Nan feo es ec ee ee SS re ee ee 17,2 6.5 96 | oe se es | ee ee eee al fs 
igen Se aR ace 8.0 Su ina eo SA ea rh la coe | sn 2 ay Ae AS ree Neg 49 lol oi TL ge a ee Gye ee oe ere ee 13, 
PEI Sees teens 6.0 lip pq ore Seal Bek g a [ee SL ee See ee 19.2 5.6 50 i|e2 See SLE eee ee |B ee 19. 
Bg RN acer 8 ieee a ON Sets 37 | 48 | , 1431 © 8.5 | O10 ls. |masonnoy: ane iy eee 33 i6| 147 | 10) 90.0 | 298 \omndn nee 
5 aL ae BEETS O74 lene dg |- “14 ko 124 tt. 0 “oe toN nce, ov. 7 ec eete tee oo 39} 14! 198.) 4210 © 10d. 5 81s) ou edi mmeoee 
Dee Cee elas be 40d, 17 We telat 211 Ope One ee 25°3 | 188 1 wead 59 | . -o1| Sigad) Sige 6 lee: eee 31. 
Tee eae 250) aes 38 \.. 16) 136). is Oct e OTe eee ee 32.7 | °22.4 |... 40 > 20) 01390 $18de Ecole leoeonme 33, 
i wk Oa fy. lames 61 1B]! 24 1.4107 Olle eget |b esa S047 cNeaT 3%) pene BQ IT | 196) 110 | ©. 0 ek ec ee 30. 
1 Ge SE Re es TT Whe ess 122! 24] 106 | 110+ | ae es age 3 19, Sila t75. eee | 123} 28] 106 | 110+ 6 fee eel 20. 

| 

10 WEEKS’ EXPOSURE 

=5 14.0 (= 33 | 86 tee a se 0.22} 146 
71 30, 2: jacdel What Wecee tee aes a ee ee 1.73} 8.13| 305 
an 19:6 | ¢23:2°| 7) Tide lee | ke ee "05 | 20.2 
2.2 29, Ol 2.3 ake IGS a SiS ena Re we ger Nie 155 | 3.45| 241 

12.9 98.1. |)\19-6-}. 2007 sas 22, AL oe) Cee ca ee ane 1.24| 5.39] 29.1 
16.4 12.9 foid6. Lilt PAS4a. ee lnee eons A cere eo 16] 13.9 
7.6 34:3 > "6.0 > ita eee see het ace ne 2.99 | 10.61| 33.7 
8.3 19.4] $.0 | ys 125 ecco eee ‘11| 19:0 
8.7 1BCOMS: 7ohe Merd: encee ICAL Sale Sees eee ee en 112:} 16,9 
6.1 20,494 oi GL My WS yess de ccs alter ue nies Nema ‘08 | 21.3 

21.4 2040.8 ee 30 |iu 160 ano 6} .O| cai} 225 og 
26.4 29.9 26. 26 13 130 7 .0 700 . 59 31.1 
19.3 33.4] 18. 2-019.) 91360 6 1) tO | Comene 124] 33.3 
22.6 33.9 22.3 34 15 141 11 .0 . 20 35.3 
17.8 Pele Wake) 44), a5] Pe agl fae sol eo S14 | UAsaco 
18.1 22. 2 LS 0) Sse 73 17 Nagy 65 .0 » 16 230 

PEAS OHO TABLE 13.—Results of stability tests on cylinders exposed under 
7 ae . : 5 late and Vita glass 

The results of this investigation substantiate most : a 
of the conclusions arrived at in the 1932 investigation, eres Sees 
modify two of the conclusions, and indicate some new rege pause coer ween 
conclusions. The conclusions substantiated are: Sample identi-) In 5weeks | In10weeks | InSweeks | In 10 weeks 

Oo’ ¢ a 

1. Materials of high specific gravity and their resi Plate | Vita | Plate | Vita | Plate | Vita | Plate | Vita 
dues are, in general, more susceptible to changes in 

1 1 1 Percent | Percent | Percent | Percent |Pouwnds|Pownds | Pounds | Pounds temperature than materials of low specific gravity and Be Mice eM , 5 ones) ues | ours ae 
their residues. Dinas kes 8 5 8 7| 350] 700! 850 800 

2. Hardening due to causes other than loss of volatile | 13------------- * : ; a rae peed re 
matter, and changes in inherent characteristics that 1 -o--n-n---2-- 18 12 15 28.4 #800 dy 00 Ineo 700 
may be attributed to oxidation, polymerization, and | 1922222222222: 8 6 8 8| 1,075] 1,000] 1,250] 1,275 
carbonization, occur to the greatest extent upon ex- | 20------------- : u 3 Su eee rage aa mee 
posure and least during distillation. 2a ese ee 5 4 6 5| 225} 200] .250] — 250 

Thee fee Gat ay d “+ a ie ees a 21 21 24 23 | 2,775 | 2,650| 3,550| 3,500 
ate e deve opment ol a ucth e residue either 1M | 9770072 28 28 30 30 | 1,225] 1,225] 1,575] 1,350 

the asphaltic-residue test or, in the case of cut-back | 2-------------| B| 2 se lve oa | beh eel aaniaa al wich ce adits 
materials, in the distillation test, does not indicate | ee 18 19 20 20 | 2325 | 2,375) 2,725) 3,125 
that the material will develop a ductile residue upon | """~ 
exposure. 

4. The bonding strength of the original materials 
and their residues is roughly proportional to their 
consistencies, but materials having the same consistency 
as measured by the present tests do not always give 
the same stability. The reasons for these differences 
in stability cannot be determined under the present 
methods of testing. 

The following conclusions are somewhat modified 
from 1932: 

5. The relative rates of volatilization of the various 
materials can be anticipated most readily from the 
distillation curves. The different classes of material 
may be differentiated in the loss and asphaltic-residue 
tests, especially if the time of reduction to 100 pene- 
tration is considered. However, sharp distinctions in 
initial curing properties, that may be of importance in 
some types of construction, can be determined only 
from the distillation curves. 
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6. Carbonization generally occurs in materials that 
originally contain some material insoluble in carbon 
disulphide and carbon tetrachloride, but some materials 
with exceptionally high solubility in these solvents 
show a tendency to carbonize under both laboratory 
and exposure conditions. 

The following conclusions are developed upon the 
basis of the data collected in 1933 only: 

7. The Oliensis test is more sensitive than the micro- 
scopic test in the detection of materials that have 
been subjected to excessively high temperatures in 
manufacture. However, neither test seems definitely to 
distinguish products that will weather badly. 

8. The use of Vita glass in place of plate glass for the 
cover of the exposure boxes did not materially change 
the results. However, because of the lateness in the 
year when these tests were started the results are 
considered inconclusive. 

9. If like periods of the year are used for exposure, 
satisfactory check tests can be obtained with the expo- 
sure assembly used in these investigations. 
Many of the laboratory heat tests have been criticized 

as producing conditions dissimilar to and more severe 
than service conditions. These investigations have 
shown that the physical and chemical characteristics 
generally believed to belong to unsatisfactory materials 
are developed upon exposure in many products that 

satisfactorily withstand laboratory testing. While it is 
possible, by the utilization of identification tests, to 
restrict materials to a limited number of sources or 
manufacturing processes, it is impossible to predict, 
with any degree of accuracy, the weather-resisting 
properties of the material thus obtained. It is believed 
that efforts should be directed to the modification of 
some of the present laboratory heat tests so that differ- 
ences in the tendency of various materials to develop 
unsatisfactory residues may be recognized. 

TaBLE 14.—Comparison of 1932 and 1933 exposure tests 

TESTS ON RESIDUES AFTER EXPOSURE 

Sample identification 

Test characteristic | 17 18 19 20 

| 1932 | 1933 | 1932 | 1933 | 1932 | 1933 | 1932 | 1933 

| 

Loss in 10 weeks, percent------ TSSSU Sees OMe ts letoroila2s0 | idak 11.5 
Penetration at 77° F__..__-____ 41 36 | 1382] 152 40 44 95 | 136 
Penetration atio2sbessee = 17 14 37 43 9 10 30 41 
Softening point, oases so. ee 163 170 106 105 121 121 16) i) 12 
Ductility at 77° F.,centimeters_| 1.0 0.5 | 110+] 110+) 110+) 110+] 65.0 90. 0 
Ductility at 34°-35° F., centi- | 
INGOs ieee ee een ee oe a0) nO Doe le ieO .0 .0 3.3 3.8 

Insoluble in CS», percent_-_---- BUSCA | | PE gt 1 al (ee es Se DOO s ROOM es see cl een 
Insoluble in C Clu, percent. --__- 8.27 | 9.66 TON eee 14.94 |16. 02 Oban 
Insoluble in 86° B. naphtha, 
POTCen Tso Pace ae eee S458 (BSbacn Le Gey Linon tlal lkosed dacOes | 24.2 

Loss in 15 weeks, percent-_----- 19; Sap 1985 ap S.7 | AOL OU 18879) 2858 1 13827 | 1826 
Penetration at 77° F_-- Le Pe 19 29 93 93 28 29 67 | 84 
Penetration at 32° F___-____--- 12 12 29 28 8 7 24 | 28 
Softening poiityig hese eee 181 168 113 116 129 | 128 121} 120 
Ductility at 77° F., centi- | 

MIO TCLS es eos a ee 0.3} 0.5 | 86.0 |115.0 | 110+) 110+] 42.0 | 72.0 
Ductility at 34°-35° F., centi- 

MMOUCNS a see as are eee canes -0 .0 4.0} 4.5] .0 -0 3} 3.0 
Insoluble in CSe, percent____-- Pas ale he Nase See Se 6: Eel ieoOl = act aloe 
Insoluble in CCly, percent__-_-- 9:11 | 9.88 |) 317 | 210 (15:61 (18.15 | 214 09 
Insoluble in 86° B. naphtha, 

percents=..c2 0a. 35s ess ae 37.2 | 35.4 | 19.6 | 18.8 | 38.8 | 39.9 | 28.5 | 27.2 
| 

TESTS ON HUBBARD-FIELD CYLINDERS 

Loss of bitumen: | 
In 5 weeks, percent-_-_---- 15 15 18 16 8 7 9 8 
In 10 weeks, percent-_------ 18 19 19 20 10 11 12 12 
In 15 weeks, percent___---- 21 21 21 20 14 11 13 13 

Stability at 77° F.:1 
Original cylinders, pounds_| 275 150 200 125 325 175 225 | 100 
After 5 weeks’ exposure, 

DOUNdSaees eee 1,100 | 950 | 800] 825 |1,375 |1,650 | 775 725 
After 10 weeks’ exposure, 

OUNCUSESee se a ee , 575 !1,000 |1, 125 950 |3, 175 |2, 525 |1, 525 | 1,000 
After 15 weeks’ exposure, 

DOUNGSS ees ee ee 1, 550 |1, 200 |1, 650 |1, 200 |4,050 |3,075 |1,975 | 1, 250 
Series 2, distillation residue 

cylinders, pounds-_-__-_-_- 1, 475. |1, 275 750 500 | 800 | 625 500 350 
Series 2, asphaltic residue | 

1,750 |4, 900 2, 050 cylinders, pounds_------- 4,050 |2, 325 |2, 925 2, 825 |3, 325 | 

1 Differences in stability probably are caused by differences in grading of the sand. 
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STATE MOTOR-FUEL TAX EARNINGS, 1934 
{Compiled for calendar year from reports of State authorities !] 

Classification of tax earnings ! 

Tax rate Other earnings in connection 
per gallon with motor-fuel tax 3 

Net earn- By rate of tax By use of fuel ? 

Gross ae f ings Grand 
Stat Date of rate tax nad on all total 
BEANE change as- cE SUE At reduced rates 6 Dis — 

sessed 4 “i fue P1S- a J ng 
On | On eo paid > | taxed 4 a For || tribu-| Deal} In _ | Other 

At full high 3 ers spec fi ] 
Jan. | Dec. ais Rate way other ee ‘he ior ss Tota 

ot per | Amount] use ? See a ie es | Censes fees RE 
gallon 

1,000 1,000 1,000 1,000 1,000 1,000 | 1.000 || 1,000 | 1,000 | 1,000 | 1,000 | 1,000 1,000 
Cents | Cents dollars | dollars | dollars dollars | Cents | dollars | dollars | dollars || dollars | dollars | dollars | dollars | dollars || dollars 

UM phat abe 6 GYR |e gets = ae 9:'299 A. eee 9, 299 Q) 209. at el ee a Ro | Ce se | Ne ee 9, 269 

ATIZ0NaW oe eee 5 Oi. eae seeeees eee 3, 542 514 3, 028 3 0284) ee a Lee es 3° 0280 |S ee Eee hee 1 1 3, 029 
Ar KAN ShSs es ee 6 614| Feb. 3_------ 8, 118 254 7, 864 7,047 |6, 5, 4, 2 7817 | 87,481 8° 383: hoe ees oe Se ee oe lo oe ee 7, 864 

Californiati2 +2222 3 So |evanben sees 39,621 | 3,661 BOs OOO MN OOO CON a ame eee | eer a 301960 aa 1O)j (ES Seen eae ee ee See 10 35, 970 

(COlOrad Ose ese ae eee 4 | Feb.1 and 709 Le 1a 1d6 6, 475 3, 719 64 | 2,756 GpATS. | ese se ee eet re | eee 6, 475 
Sept. 1 ; 

Connecticut_______- 2 ia (ne ee aes 5, 099 126 4,973 4 OTS leee eel: ae ee 4973 Nene eal lee CQ) Wie] | spars | fea ae 8 Me Sy 4, 973 
Delaware______.---- 3 | eee = eee 1, 246 61 1, 185 TOTS 57 | eee eee Ds USB 5] Sy ee | eee | 1, 185 
lonidatessoeerses: 7 Ts Sal ee eee 1G) 4097 | zoeeee 16; 499) ("AG AGO care Meet Se ceeteae || eee eens oe | eg eer | ene ee 1195, oe eee ee 35 16, 534 

Georria 6 Gil eoneeeeee re aoe lee Se 14,366"! 345366 (lo. 22- PSS eee SRS ee eee 14, 366 
Tdahot2 22) seem 5 5) flash oe ee 3, 169 298 2, 871 2, 865 216 6 | 2,865 6) | eee ES aries | eee 1 J 2, 872 
MUNOISt2 == ee eee 3 3. ee ee saree ee 30, 772 1, 646 29, 126 DO 125 be Yee ee | eee eee 718 TM No) fees me | (a hl ee Re eS 5 5 29, 131 
Indiana sae eae 4 CON Ne seas ee 18,626 | 1,076 V7, 550) Mot A5 50) eee ees BW tts Ui eer | Pe eee Tel (8 ew aloe! 21) 20 20 17, 570 

LOWS tao ee 3 3) CeO sememe ee 12, 114 864 nD TARA ON) tacit beat Yel fe epee Seale See 8 T1250 eee dt ete ah ee! 4 5 11, 255 
iGansas: = oe ee 3 Sal eee ee ee meee Riol Ga ee eee 8, 516 SSL GM ae eee ell cee Cy Maslow || es | eee ere 76 37 118 8, 634 
Kentucky oes eee 5 S| rp aes A OL QTS Als eee 9, 218 O. DIS he Sha ah ee a = a re ch ee ee [ee ce 3 3 9, 221 
ILonisiana: == nse 5 5 ll es 85923 sees 8, 923 8, 922 4 LAN ghee ees ee | ee 8, 923 

INMisine@= 2 a= seae ee 4 4 4, 632 146 4, 486 4, 437 1 49 4, 437 AQ soe ee eee | ee ee ee 4, 486 
Marylanda=- 2 asees 4 4 8, 251 442 7, 809 7, 758 3 BP 12227. S09 aS ee ee ee | ee | ee 7, 809 
Massachusetts______ 3 3 17, 635 633 T7002 hl 75002) ls eee a eee ee 17, O02) cote oN eee SN aces 3 See |e ee eee 17, 002 
Michigan eee oe 3 3 22,068 | 1,090 20,978 || 20, 961 1144 17 | 20,961 TWA | aS ee, Ai eee Se 2 6 20, 984 

Minnesota.......--- 3 fg Re aga ete els ha 12,150 |) 1,805 DORS45 so OS 4.5 tl eee ee |e ee 10.845 eee aoe eeee 1 Os eee 98 10, 943 
INFISSISSIp Dia. = aeeaee 6 OPES eee 7, 519 631 6, 888 6, 760 1 128 | 6,760 128. Eas teal eee eo |e 13 137 137 7, 025 
ISSO ene ee 2 2 ee eee 9, 810 235 9, 575 OS 57 5u Se a ae | ee 97570 Ue el ee eee 98 8 106 9, 681 

Montana.) awe e 5 5) eh) See See eee 4, 274 610 38, 664 35664) 22. se eee 3. 664. |\os0 Se 2 |) £8 os pan ee |. S| eee eee 3, 664 

Nebraska. =e 4 ZS | RN i ese 8, 667 97 8. 570 85570! | oo eae || eee Se ee ee Il eee 85 1 86 8, 656 
INGVa eee ee 4 7 ae Seem ee ae 988 94 894 SOA UL See a Se ese eS BO4? a a a ee a aise ee ao | ae 894 
New Hampshire_-___ 4 Gal sl Sey Ee dee nee 2, 826 80 2, 746 Pe ENG ee 2 Ba Get DAB Se coe elles a eee fee | ee 2, 746 
New Jersey_-------- 3 feel pers ue Sen eS 17, 035 1 17, 034 || 17, 032 2 2720382 2) | ee ee 25 39. [ars see 64 17, 098 

New Mexico-_-_-_----- 5 0 ON aoe See 2, 809 252 2, 557 Oe A | We epee eal ees ee PARA Got (Beep 9 Oe Se ee eee 18 2) 575 
Newsvotk.e=:-25s- 3 fie [ae Be ile 45,044 | 1,117 43. QO Tia 43 O27 s\n seh een ee eee ee AS OO ene acl eae lifciel (erage ae de x 58 43, 985 
North Carolina__-__- 6 [came eee ene Ee, eee 16, 788 306 16, 482 || 16, 421 1 61 | 16, 421 G0 ae Pee ee eee 14704 5 709 17, 191 
North Dakota--._--. 3 Sine Same carte 2, 906 644 2, 262 D260: aan |e Meee 2 269% ces ae All| ee eel, Bese Jee ee |e | 2, 262 

Ohio == ee 4 A AN ee eee 38, 982 1, 364 37,618 || 36, 409 1 1,209 ||) 36;,409: | 1,209 32. ote eee ee. eee ee 37, 618 
Oklahoma.: 2-22. 4 4 eee nee ee LO; Sa eeeeeee LO; S07 aie O S81 ag eee eee ee ae 10): S172) See Sl oe Ese Cd eee 4 4 10, 821 
Oregones sa sn meeee 5 gy PE AES ee 8,299 | 1,047 7, 252 7, 246 1 6 | 7,246 6: SESE ees | Ae ie Le | ee 7, 252 
Pennsylvania__--_--- 3 Pel bene See St hae 30; 409))| Seen Bd, 409) Mh SS ACO) steerer eo ae ee cee 9 eed | eee 4 4 33, 413 

Rhode Island__-_--_- 2 Di eee PD WH 120 2, 057 DOS Tell ieee see eee eee 2/05 7m eases O ecole ee 3 2, 060 
South Carolina__-_-_- 6 Bgl cee eee eee 7, 836 117 7, 719 Te TAQ ne ere | a ee | ee ee | ee |e | 7,719 
South Dakota_-___-- 4 A | Soe a 3, 960 195 3, 765 3, 570 2, 195 | 3,570 IOS ilo one a eee | eee eee 3, 765 
‘Tennessee. _____-.-- Hi Die lice Sees Braet oa a Ih 0 eee TA, ELE DAT a aS aS ee | a ee |e ced eee | eae co oe ed | 14, 114 

A GxaGee wee Ass 4 ce) ie oe 35, 005 38, 365 315640) MPS L640 tlle ane eee eee Cole oO en (eee gt ces | Se ee ke inet 111 31, 751 
Utah s=2=- 4 Le eee se Del se ee 2, 514 25145) See ae eee eee nat | | eee || ae fe eer See eee 1 2, 515 
Wermont: = eens 4 vA | aeons 2 eo 1204232 1, 942 Y, 943-4)" > 3s Sel 2 eS ee | eee eee ee ee 1, 942 
\ebyian Wee he Sete 5 bY Se aa OS 13, 205 728 12, 477 24 (a eee es ee ee A 1 ee eieree ricer | ime te Te ee yee Se 12, 477 

Washington-_-_-_____- 5 tye Weegee Ses ee 13, 039 1, 080 11, 959 T9591) eee ee eee LDSO59 | ee Seal ee ee cea ts ee 11, 959 
West Virginia___-_-_- 4 4: 1p || Sere ee ee 5, 905 209 5, 696 5 696. eee as || 2 re §) 696 e222 wy iy (ee 1 8 5, 704 
Wisconsin’ =ee=s 4 4) Se eee ee aes 16,829 | 1,430 15399) alo: SOO illo ee eee ere eee T5399), |(- 22s ||| a oe SRS a a ee | ee 15, 399 
iW yoming!-—— es 4 a hs ER eae ee ee 1764's (see 1, 764 1 GAM Bee ee |e eee sao | ee ees Lae i: ee eee | OS ee 1 4 1, 768 
Dist. of Columbia__ 2 2: |e ees 2, 077 14 2, 063 2-06 Sule Saree ee 2: 063.222 2 Se le Shh ee ee be eo 2, 063 

Detailed totals to. 2c scte on tka oe ee OMe eal ees | Soe Le beg | ee 434, 684.:l\ 2.066) |\on ates ee | ee eS | ee 

Grand totals_____- 17 3. 66 591,995 | 26, 968 565,027 11559, 729) |=_-_.2--- On 208s eee ana a eee 30 141 | 1,099 345 | 1,615 566, 642 

1 See preceding table for gross gallons of motor fuel reported, exemptions, 
allowances, etc., gross gallons taxed, gallons subject to refund, net gallons taxed, 
and information regarding classes of use exempted, subject to refund, or taxed 
at lower rates. 

2 The purpose of this classification is to distinguish between the tax earnings 
on motor fuel sold for use in motor vehicles on the highways and tax earnings 
on motor fuel sold for other uses. In the case of those States that do not make 
this distinction, the classification is omitted. 

3 Amounts less than $500 not tabulated. 
4In the great majority of cases the assessments or earnings of the calendar 

year were reported. A few States reported the actual collections of the year, 
which lag the assessments by 1 to 2 months. 

5 In most cases the refunds reported were those actually paid during the year, 
rather than refunds claimed on motor fuel purchased during the year. The 
error involved in deducting refunds paid from gross tax assessed tends to balance 
over an annual period. The refunds tabulated include both refunds of the entire 
tax and partial refunds. 

6 In the case of Arkansas and Colorado, where the rate was changed during 
the year, the tax earnings at the lower rates, 6and 4 cents, respectively. are shown 
under this heading. 

7 Includes $445,000 on 6-cent tax prior to Feb. 13, 1934, and amounts at re- 
duced rates at State borders, as follows: At 5 cents, $7,000; at 4 cents, $347,000; 
at 2 cents, $18,000. 

8 Estimated by State. 
§ Rate was 5 cents from Feb. 1 to Aug. 31, 1934. 
10 Retail gasoline station licenses, $45,000, included in report on motor- 

vehicle receipts. 
11 Includes distributors’ licenses. 
12 Refunds are made on all nonhighway uses with the exception of fuel used 

in commercial motor boats. Earnings on motor-boat fuel (amount not reported) 
are included. 

13 Includes $138,560, earnings on special gasoline tax collected in Gulf Coast 
counties (Hancock, Harrison, and Jackson) for seawall protection, and $1,559 
in penalties, less $2,629, refunds for notary fees. 

14 Inspection fees on gasoline and kerosene; bulk of receipts on gasoline. 
15 Includes dealers’ licenses. 
16 Classification by use includes 36 States and the District of Columbia. 
17 Weighted average rate. 
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PUBLICATIONS of the BUREAU OF PUBLIC ROADS 

Any of the following publications may be purchased from 
the Superintendent of Documents, Government Printing Office, 
Washington, D.C. As his office is not connected with the 
Department and as the Department does not sell publications, 
please send no remittance to the United States Department of 
Agriculture. 

ANNUAL REPORTS 

Report of the Chief of the Bureau of Public Roads, 1924. 

5 cents. 

Report of the Chief of the Bureau of Public Roads, 1927. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1928. 

5 cents. 

Report of the Chief of the Bureau of Public Roads, 1929. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1932. 

10 cents. 

Report of the Chief of the Bureau of Public Roads, 1933. 

Report of the Chief of the Bureau of Public Roads, 1934. 

DEPARTMENT BULLETINS 

No. 136D .. Highway Bonds. 20 cents. 

No. 347D . . Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10 cents. 

No. 583D .. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25 cents. 

No. 1279D . . Rural Highway Mileage, Income, and Expendi- 
tures, 1921 and 1922. 

TECHNICAL BULLETINS 

No. 55T ... Highway Bridge Surveys. 20 cents. 

No. 265T ... Electrical Equipment on Movable Bridges. 
35 cents. 

MISCELLANEOUS CIRCULARS 

No. 62MC .. Standards Governing Plans, Specifications, 
Contract Forms, and Estimates for Federal- 
Aid Highway Projects. 5 cents. 

MISCELLANEOUS PUBLICATIONS 

No. 76MP .. The results of Physical Tests of Road-Building 
Rock. 25 cents. 

Federal Legislation and Regulations Relating 
to Highway Construction. 10 cents. 

Supplement No. | to Federal Legislation and 
Regulations Relating to Highway Construction. 

No. 191 .... Roadside Improvement. 10 cents. 

The Taxation of Motor Vehicles in 1932. 

REPRINT FROM PUBLIC ROADS 

40 cents. 

35 cents. 

Reports on Subgrade Soil Studies. 

Single copies of the following publications may be obtained 
from the Bureau of Public Roads upon request. They cannot 
be purchased from the Superintendent of Documents. 

SEPARATE REPRINT FROM THE YEARBOOK 

No. 1036Y . . Road Work on Farm Outlets Needs Skill and 
Right Equipment. 

TRANSPORTATION SURVEY REPORTS 

Report of a Survey of Transportation on the State Highway 
System of Ohio (1927). 

Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 

Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 

Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio (1928). 

Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 

Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 

A complete list of the publications of the Bureau of Public 
Roads, classified according to subject and including the more 
important articles in PUBLIC ROADS, may be obtained upon 
request addressed to the U. S. Bureau of Public Roads, Willard 
Building, Washington, D. C. 
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